The aim of this study was to create a synthetic juice (SJ) to be used as a surrogate for natural orange juices in erosion studies, verifying its erosive potential. The SJ was formulated based on the chemical composition of orange juices from different locations. Forty enamel and 40 root dentin specimens were randomly assigned into 4 experimental groups (n=10): SJ; 1% Citric Acid (CA); Minute Maid Original ® (MM) and Florida Natural Original ® (FN). The specimens were immersed in their respective solutions for 5 min, 6x/day for 5 days, in an erosion-remineralization cycling model. Enamel specimens were analyzed by surface Knoop microhardness and optical profilometry and dentin specimens only by optical profilometry. Outcomes were analyzed statistically by ANOVA followed by Tukey's test considering a significance level of 5%. For enamel, the surface loss and microhardness changes found for MM and SJ groups were similar (p>0.05) and significantly lower (p<0.01) than those found in the CA group. For dentin, CA promoted significantly greater (p<0.01) surface loss compared with all the other groups. No significant difference (p>0.05) was observed in dentin surface loss between MM and SJ. In conclusion, CA was the most erosive solution, and SJ had a similar erosive potential to that of MM natural orange juice.
INTRODUCTION
Dietary acids, such as citric, malic, lactic and phosphoric acids, have been related to the development of dental erosion (1, 2) . Differences in their erosive potential are associated with the chemical properties and composition of the acidic solutions, including pH (3), titratable acidity (4), buffer capacity (5), chelating properties (6) and amounts of calcium, phosphates and fluoride (5) .
Among those cited acids, special attention has been given to the citric acid (CA), since it is commonly found in citric fruits and juices (7) . Due to its worldwide popularity, orange juice has been considered a suitable representative of citric juices for dental erosion studies and some studies have reported its erosive potential not only related to pH and concentration of CA, but also to the low degree of saturation in relation to both hydroxyapatite and fluorapatite (6) , and the presence of citrate, a substance capable of chelating the calcium of saliva and teeth (14) . These factors are important and can affect the erosive potential of a solution.
Thus, as much as has been recognized the importance of standardization in laboratory research, the currently available surrogates for orange juice might not serve as proper substitutes because they do not have minerals and other compounds that may influence the erosion process. Therefore, the objectives of this study were: 1. to create a synthetic juice (SJ) based on the composition of natural orange juice, from different locations (15-17); 2. to verify if the erosive potential of the created SJ is similar to that of natural orange juice. The outcomes of this study may help defining better surrogates for orange juice for use in future dental erosion studies.
MATERIAL AND METHODS

Experimental Design
In the first phase of this study, a surrogate for orange juice was developed using compositional information of natural orange juices. In the second phase, the created synthetic formulation was compared in vitro with two commercial products in order to verify whether or not it adequately reproduced their erosive potentials. It was also compared with 1% CA solution (pH 3.8), commonly used as orange juice surrogate in previously published studies. A demineralization/remineralization study using enamel and root dentin was conducted. Surface microhardness change was assessed on enamel only, while surface loss was measured on both enamel and root dentin by optical profilometry.
Testing Solutions
The SJ composition was based on an average composition of natural orange juices made with oranges from different locations (15) (16) (17) , with special attention to the mineral compounds. An average composition of the major chemical compounds was determined (Table 1) , and the formula used for preparation of SJ was determined based on this information ( Table 2 ). The pH of SJ was adjusted to 3.8 with 1 N NaOH. Two commercially available natural orange juices, Minute Maid Original ® (MM; The Coca-Cola Company, Atlanta, GA, USA) and Florida Natural Original ® (FN; Citrus World Inc., Lake Wales, FL, USA) were selected and purchased in sufficient amount for the whole study.
Cycling Study
This study was approved by the IUPUI/Clarian Institutional Review Board (process #NS0911-07). Enamel and root dentin specimens (4 x 4 x 2 mm) from human molars were used for this test. The crowns of the teeth were sectioned in hard-tissue microtome in order to obtain enamel and root dentin fragments. The fragments were ground flat with water-cooled abrasive discs (500-, 1200-, 2400-and 4000-grit Al 2 O 3 papers; MD-Fuga, Struers Inc., Cleveland, OH, USA) and polished with polishing cloth and diamond suspension (1 μm; Struers Inc.). The polished surface had tapes placed on, leaving exposed a central testing area of 4 x 1 mm. Forty enamel specimens and 40 dentin specimens were randomly allocated into 4 experimental groups (n=10), according to the four solutions under study: SJ, 1% CA, MM and FN. Then, the specimens were subjected to an in vitro erosion cycling model. One study day comprised 6 erosion-remineralization cycles. In each cycle, specimens were immersed for 5 min (10 mL/ specimen) in one of the test solutions and for 60 min (10 mL/specimen) in artificial saliva. Specimens were rinsed in deionized water and dried between erosive and remineralization episodes. This phase of the study was conducted during 5 days, leading to a total of 30 cycles. After cycling, the tapes were removed from the specimens and surface profile traces were performed. An area 2 mm long (X) x 1 mm wide (Y) was scanned with an optical profilometer (Proscan 200; Scantron, Venture Way, Tauton, UK). The length covered both treated area and reference surfaces. The step size was set at 0.01 mm and the number of steps at 2000 in the (X) axle; and at 0.05 mm and 20, respectively, in the (Y) axle. With the use of dedicated software, the depth of the treated area was calculated based on the subtraction of the average heath of the test area from the average height of the reference surfaces.
For enamel specimens, surface microhardness analysis was performed using Knoop diamond indenter (2100 B; Instron Corporation, Wilson Instruments, Norwood, MA, USA) with 50 g load for 15 s. For this analysis, 6 indentations were made in the sound enamel (3 in each of the reference surfaces) and 3 indentations in the lesion area, with at least 100 μm of distance between them. The means for reference and experimental areas were calculated and the difference between them was considered the surface microhardness change (SMC): SMC = mean reference area -mean experimental area.
Statistical Analysis
Homoscedasticity and normal distribution of the data was checked by the Hartley and Shapiro-Wilks tests. Once these assumptions were satisfied, oneway ANOVA and Tukey's tests were carried out for comparisons among groups, for both response variables tested. The software SigmaPlot 11.0 (Systat Software Inc., Chicago, IL, USA) was used for the calculations, with significance level of 5%.
RESULTS
Means and standard deviation (SD) of the profilometry and microhardness analysis are shown in Tables 3 and 4 , respectively.
In dentin specimens, the CA solution promoted a greater surface loss in comparison with all the other groups (p<0.01). No significant difference was observed in the dentin surface loss between the MM and SJ groups (p>0.05). For enamel, surface loss and microhardness changes found for MM and SJ were very similar (p<0.01) and significantly lower than that of the CA group (p<0.01).
DISCUSSION
It is well known that care should be taken when extrapolating the results of in vitro studies to in vivo conditions. This occurs mainly because it is not possible to mimic all the in vivo aspects in the laboratory. However, it is important to make the conditions of in (18) . For root dentin, the CA solution promoted a greater surface loss in comparison with all the other groups. No difference was observed between MM and SJ, which had less surface loss than the FN group. This result may be explained by the relatively lower pH found for the latter product (3.80 vs. 3.70). For enamel, it seems that the surface loss found for MM and SJ groups were similar and different from the other groups. However, the surface loss values observed for MM and SJ were at or below the detection limit of the used evaluation method (~0.5 μm of dental surface loss) (19) . Therefore, the surface loss results for enamel demonstrated only that CA caused the most accentuated enamel loss, and that surface deposition occurred for the FN juice. The deposition layer, possibly composed by the organic components present in the juice, was detected in all specimens of that group. This layer made it impossible to accurately assess the surface loss (if any) by optical profilometry. As an additional analysis, the surface Knoop microhardness was measured and showed to be a more adequate evaluation method, for the testing solutions, in the erosion model adopted.
The surface microhardness changes found for MM and SJ groups were similar between each other and lower than the changes found for the other groups. This data confirmed what was suggested by the surface loss data. However, it was not clear whether or not SJ can be an adequate surrogate for FN or not. The surface microhardness change for FN was numerically similar to the CA and more aggressive than both MM and SJ. While it was expected to observe higher erosive effect for the FN mainly due to its lower pH, the magnitude of the differences in surface microhardness was unexpected. This may be explained by the limitations of the surface microhardness method for testing some of the groups, especially FN, which presented a deposition layer on the enamel surface detected by profilometry (20) . The presence of this layer could have caused indentations to be potentially larger -due to the softness of the layer -than in the MM and SJ groups, possibly leading to relatively larger indentations and lower hardness values. On the other hand, the considerable surface loss for the CA group probably affected the SMC values observed.
The surface analyzed in the microhardness test was not the most superficial enamel layer, which had been lost, but the exposed sub-superficial layer. In that case, it is possible to speculate that FN was probably less erosive than CA, since it did not cause any measureable surface loss. Therefore, in the present study, it was not possible to conclude whether or not the proposed SJ and the 1% CA (pH 3.8) were adequate surrogates for FN. Orange juice was chosen for this study because of its recognized erosive potential (8) and due to the fact that its composition has a great variation according to the origin of the orange. For instance, the average calcium concentration in an Australian orange juice was measured to be approximately 80.3 mg/L (16), while the concentration of this ion in a Brazilian orange juice was approximately 100 mg/L (15) . Calcium concentration in an acid drink is particularly important because this ion has a role in the demineralization/remineralization process (21) . Previous investigations reported that the addition of approximately 20 mg/L of calcium to an orange juice was able to reduce enamel loss (10) . Thus, these variations found in orange juices from different origins could exert a great influence on its erosive potential when used in erosion studies. Even though this makes it difficult to find a single standard similar to all juices, we targeted for a formulation that would be representative of most orange juices. This was the rationale behind creating a synthetic formula using the average mineral composition of orange juices made with oranges from Australia, Brazil and Florida (15) (16) (17) .
The formulation of SJ combined most of the detected minerals in the previous elemental analysis. This was done in order to closely represent the natural juice. Some of the elements may not be relevant or may be present in irrelevant concentrations. If this is in fact verified, more simple solutions can be formulated. The sources for the mineral elements were chemical reagents, chosen according to their solubility product, k sp . Reagents with higher solubility (>k sp ) were preferred. The pH of the juice was adjusted to be at 3.8, for standardization purposes, but it was in the pH range of the natural juices tested. It is important to mention that the organic phase of the juice, mainly lipids and proteins, were not considered in this synthetic formulation. They may also be relevant for defining the erosive potential of the synthetic solution and this has been further investigated in other projects.
In conclusion, it was observed that CA is not a good substitute for natural orange juice in erosion studies. The proposed synthetic formulation was proven to be an adequate surrogate for orange juice, but this was confirmed for only one of the orange juices tested in the present study due to methodological limitations related to the other natural juice. Further validation using more clinically relevant erosion models should be conducted as well as comparisons with other orange juices.
RESUMO
O objetivo deste estudo foi criar um suco sintético (SJ) para ser usado como substituto do suco de laranja natural em estudos de erosão dental, verificando o seu potencial erosivo. O SJ foi formulado com base na composição química de sucos de laranja de diferentes locais. Quarenta espécimes de esmalte e 40 de dentina radicular foram aleatoriamente alocados em 4 grupos experimentais (n=10): SJ; 1% Citric acid (CA); Minute Maid Original ® (MM) e Florida Natural Original ® (FN). Os espécimes foram imersos nas suas respectivas soluções por 5 min, 6x/dia por 5 dias, em um modelo de ciclagem de erosão-remineralização. Os espécimes de esmalte foram analisados por microdureza de superfície Knoop e perfilometria ótica, enquanto que os espécimes de dentina foram analisados somente por perfilometria. Os resultados foram analisados estatisticamente com o teste de ANOVA, seguido pelo teste de Tukey, considerando um nível de significância de 5%. Para o esmalte, a perda superficial e as alterações de microdureza encontradas para os grupos MM e SJ foram similares (p>0,05) e significantemente menores (p<0,01) do que as encontradas para o grupo CA. Para dentina, CA promoveu significantemente (p<0,01) a maior perda de superfície quando comparada aos outros grupos. Não foram encontradas diferenças significantes (p>0,05) entre a perda de superfície de dentina dos grupos MM e SJ. Concluiu-se que CA foi a solução mais erosiva e SJ apresentou um potencial erosivo semelhante ao do suco de laranja natural MM.
